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Snap shot of ALICE Control Room (2010.08.25)
- Data taking period, very quite... -
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The first “event” in p+p 0.9 TeV
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...and 7 TeV p+p
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[ESD event info: Run#: 104068 Event type. 7 (PHYSICS EVENT) Period. 1 Orbit: 21a4S BC. becb
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After ~9 months later...
Already Iots of first results from ALICE !

[ dEdX distribution (ITS signal, truncated mean) |

[Entries 148725 |
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LHC First Physics

Collision Event at
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7 TeV collision events seen today by the LHC's four major experiments (clockwise
from top-left: ALICE, ATLAS, CMS, LHCb). More LHC First Physics images »

LHC research programme gets underway

Geneva, 30 March 2010. Beams collided at 7 TeV in the LHC at 13:06
CEST, marking the start of the LHC research programme. Particle
physicists around the world are looking forward to a potentially rich
harvest of new physics as the LHC begins its first long run at an energy
three and a half times higher than previously achieved at a particle
accelerator. Read more...

JPS 2010, Sep. 13, T. Chujo



Outline

1. Quark Gluon Plasma (QGP) at LHC
2. LHC & ALICE
3. ALICE & QGP

— Parton energy loss
— Collectivity
— Temperature

4. Summary

JPS 2010, Sep. 13, T. Chujo



1. QUARK GLUON
PLASMA & LHC

JPS 2010, Sep. 13, T. Chujo 9



QCD phase diagram and QGP

>

Temperature

Tc
~170 MeV

Relativistic * QGP in Astrophysics
Heavy lon weme - — Early universe:
Collisions _@g_ , @& RS‘[‘%? time < 10 seconds
— Possibly in the interior
of neutron stars

Early Universe

nuclei ¢ < >

Neutron Stars?

Baryon Density

* QGP in Nuclear Physics

—Create at the lab. by heavy ion collisions
—Study the nature of QCD matter

at the extreme temperature and energy density
JPS 2010, Sep. 13, T. Chujo 10



Highlights at RHIC

Phys Rev Lett. 91, 072304
- Jet quenching, indicating dN /dy ~ - G+AUFTPG-AUO-20%

1100, ¢ > 100 €o- g o2 k- —— p+p min. bias i&ﬁ'ln _:

. . . = *  Au+Au Central .

- Jet-medium interaction: shock wave s - -
(hit to c,)? £ ;

- Collective flow, suggesting quark ........ STOORET i IR 2
recombination. S

-1 0 1 2 3 4

- Heavy quark suppression and flow. A ¢ (radians)

- Thermal photon emission 't
- T>300 MeV >T..
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RHIC vs. LHC

LHC
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JPS 2010, Sep. 13, T. Chujo 12



e
PH ENIX

RHIC vs. LHC

« High temperature QGP

(2 X Truic)-

« Jet production dominant.

LHC
sy (GeV) 5500
T/T, 3.5-4.0
¢ (GeV/fm3) 15-60
T oep (fM/C) > 10 gy
RHIC [&)
3|
: gw';'
= |
E b
10°

LHC:
Inclusive jets,

annual yield; 10* @
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:: . 0geom
.= S

N

O I Annual yields in ALICE

Pb+Pb minbias
binary scaling from p+p
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) “)—EllIIllllllllll'llllllllllllllllll'lllll

JPS 2010, Sep. 13, T. Chyyo

20 40 60 S0 100 120 140 160 180 200
E™ (GeV) or p™ (GeV/gI)_d



RHIC vs. LHC

LHC
sy (GeV) 5500
TIT, 3.5-4.0
¢ (GeV/fm3) 15-60

T oep (fM/C) >10

-
PH ENIX

[JW Harris, Winter WS on Nucl. Dynamics (2008)]

* High temperature QGP R R B <
(2 X TR""C)' = 10 — 2 1 kHz hg
 Jet production dominant. & | 4 &
o . ] I

° I & = - 3 -l
Coplous_ heavy quark @ o *; Jiwe 3
production (10x o, ..., )- I . e T e
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RHIC vs. LHC

LHC
sy (GeV) 5500
TIT, 3.5-4.0
¢ (GeV/fm3) 15-60

T oep (fM/C) >10

.Pb-Pb.._..
m<1

« High temperature QGP

(2 X Tryic):
« Jet production dominant.

 Copious heavy quark
production (10X o, .., )-

« LHC:

— Study the matter by
clean probes, and

response of bulk matter Energy (GeV)
in HI COIIiSionS. JPS 2010, S@,O 13, T. ChUjO [JW Harris, Winter WS on Nucl. Dynamics 2008)] 15
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2. LHC & ALICE EXPERIMENT

JPS 2010, Sep. 13, T. Chujo
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Large Hadron Collider (LHC)

LHC Basics :

Magnets: 1232, 15 m long, 9 T, superconducting dipoles
Circumference: 27 km

p+p Vs = 14 TeV, L = 1034 cm2s-1




ALICE experiment
ALICE = A Large lon Collider Experiment

« Dedicated heavy ion experiment at LHC:

— Study ‘state of matter’ at high temperature & energy
density; QGP.

— LHC: 30 x energy of RHIC
« Expect very different type of ‘QGF’

» ‘hard signals’ to probe QGP (jets, y, cand b
quark )

» First Pb+Pb (2.76 TeV) collisions Nov. 2010

* ALICE Institutes from Japan(ese).
— Hiroshima Univ.: PHOS
— Tokyo Univ. (CNS): TRD, FoCAL upgrade
— Univ. of Tsukuba: EMCal, DCal
+ Heidelberg Univ. (K. Oyama): TRD, Trigger
RiEmxs (odunky Gs S8 SR

) University of Tsukuba 18
JPS 2010, Sep. 13, T. Chujo




ALICE Collaboration

.aSpain/Cuba

Romani Taoany ,
South Africa el Brﬁf)'r'ea

ltaly

Armenia
Ukraine

Mexico
JINR

Russia
—France

Netherlands

\Germany
\—Finland

\—CERN
Denmark

/Slovak Repy

Czech Rep.

Collaboration:
> 1000 Members
> 100 Institutes

> 30 countries

JPS 2010, Sep. 13, T. Chujo 19



Drift
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Detector:
-------- > Size: 16 x 26 meters
| Weight: 10,000 tons




€ Full hadron and muon capabilities Ay :
® Partial electron and photon Loy (a2 Nt
e N J\ S [ \’

Detector configuration 2010

ITS, TPC, TOF, HMPID, MUON, VO, TO, FMD, PMD, ZDC (100%)
TRD (7/18)
EMCAL (4/12) SR
PHOS (3/5) -
HLT (60%)

MUON |,
FILTER 22
L

~116m from LP,
-

PHOS,

TRD, /

TOF -

HMP1D

;MCAL s 7 —AGSORBER
) ALICE detector is fully
operational !

JPS 2070, Sep. 13, T. Chujo 21



Data taking / Trigger (2009-2010)

LHC fill number

PeriOd SYStem \/S # Of events o 1050 1100 1150 1200 1250 1300
(TeV) E - gs;m ' T T T T %1
- m? INT1 B triggers i PN g
Nov.— p+p 0.9 500k (MB) 8 =k MUS1 B triggers (x10) ’ ................................ , Vil
1 DeC é 7oo§— ] / /I— 10%
2009 § 600_5__ ........................................................................................................... %[,s ‘g
g ;3
Run Mar. 30 p+p 7.0 700 M (MB) b * /.II i ,,-/"j"’ 2
2 _ OCt 500 M (Single 3005_ ............................ ....................... . ...... .'.“,jlj ............ / ........ /L4 g
200 . vl 7
2010 muon) S Y VAT
300 M (high ottt T S
m u Iti . ) 02-May 02-Jul D;1t-es P
ptp 09 2M(MB) Recorded trigger vs. Date

Trigger: SPD

{ VO0-A
® Minimum bias (MB,): SPD or VO-A or VO-C /
(96% eff. for INEL). \
—> at least one charged particle in 8 pseudorapidity units vo-c

® V0,,p: Hit on both side of V0. (93% eff. for NSD).
JPS 2010, Sep. 13, T. Chujo 22




Absolute normalization

* Vernier (van der Meer) scan tells trigger cross section
* Performed in Apr. for p+p at 7 TeV
» VO-AND trigger cross section (~62 mb) measured with 8 % of syst. uncertainty

D2 D2
RVO(D:L'aDy) - RVO(OaO) + €XP _2 2 exXp _2 2
\ Y J scan—I O-SCCLTL—y
, top rate
— beam size @ pf*=2 m
. X: 44 ym . _
E 10 E_X(p+b-corr.) E 10 E_Y(p+b-corr.)
* Y:47 um = F =
> > L
« Using this result, the cross® [ il
section normalization for al 1 10°E
measurements (JAy, : -
charm) are on going I R
10 10
: —u— Data points : —u— Data points
Single Gauss. fit Single Gauss. fit
1= Double Gauss. fit 1= Double Gauss. fit
S 2nd Gauss. contribution o e 2nd Gauss. contribution
-IIII|IIIIIIIII|IIII|IIII|IIII _IIII|IIII|IIII|IIII|IIII|IIII
-300 -200 -100 O 100 200 300 -300 -200 -100 O 100 200 300

D, orD,

Dy [um]

JPS 2010, Sep. 13, T. Chujo
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3. ALICE EXPERIMENT AND
QGP PHYSICS

JPS 2010, Sep. 13, T. Chujo
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(1)Energy loss of parton

= YieldAuAu/ <Nbinary>AuAu

AA .
Yield
Phys. Rev. Lett. 91, 072304 (2003).
3 2 AurAu, \5= 200 Gov ¥ direct y0-10% i n0-10% I B
& 4.8-PHENIX Preliminary 7° 0-10% (PRL, 101, 232301 - e d+Au FTPC-Au 0-20% .
I + )
N § (p*P)12 0-5% (PRC, 74, 024904) —~ 0.2 _ _ —
161 + § 00-10% # ©0-20% g - k- —— p+p min. bias is\jln .
- e -5% , . © B |
14 + + ;] iKenK H)/Fz 3 50-/2(§:RC 74, 024904) 3 i + AusAu Contral -
1.2:‘ * + + P > 'Ua o1 —_ _—
1+ el TLER B S S S .*** .++ ................ 8 L |
‘ ¢ i ¥ : ! = | i
o8-l H = | ]
os 2 Tt T "
R X OfFERer----------- EE O ikt et
0'4__ ...:--'glﬁ *'B H*B : :* l :
02 * Bl s alle e e e e T B S S
% 4 2 3 4 5 6 7 8 9_ A ¢ (radians)

— At RHIC energy:
— High p; yield suppression.
— Gluon density: dN /dy ~ 1100

— Energy density: € > 100 ¢, (!)
- =¢>15GeV /fm3

— Disappearance of away side jet.
JPS 2010, Sep. 13, 1. Chujo




Where is the lost energy?

. PHENIX (PRL 97, 052301, 2006)
How parton propagates in 2.5-4 GeVic 2 - 3 GeVlc, All Charge

dense matter ? = 007F ¢ Centaity: 0-10%

< 0 065 B Centrality: 30 - 40% x 0.33

S’ . — L

- - ., e Centrality: 60 - 92% x 0.048
0.05F i
0.04F

0.03F

pit- 0.02F
s -
<“" :E::-
_______::====<' 0.01
< - TR ;
A 0 N
-0.01F

Two peaks in Away side.

JPS 2010, Sep. 13, T. Chujo




Key detectors for hard probes in
ALICE

 ITS, TPC, TRD (40%), TOF, HMPID
— Charged particles An = 1.8.
— Excellent momentum resolution.
— Excellent PID and heavy flavor
tagging.
— TRD: high p; and electron
trigger.

« EMCal (40%)
— PDb-Scint.
— Energy of neutral particles
- Ap=107°,An=14
— Energy resolution ~10%/E,
— Jet and y trigger
« PHOS (60%)
- PWO
— 220° < ¢$<320°, An=0.24
— Energy resolution ~3%//NEy

- vy trigger. JPS 20




Time-Projection Chamber (TPC)

\
\

10

Momentum resolution (Ap,/p;)

p1 (GeV/e)

TPC dE/dx vs. p 1 10 p, (GeV)

 Detector fully operational: 99.9% of all channels

» dE/dx resolution: < 5%

 Momentum resolution: < 7% at 10 GeV

« Working on distortion map: Ap/p < 5% at 10 GeV
* Read-out rate up to 1kHz

JPS 2010, Sep. 13, T. Chujo
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Calorimeters: PHOS, EMCAL
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ALICE work in progress
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Invariant mass of n° at 7 TeV p+p data.
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Di-Jet event (7 TeV p+p

7

<- Reconstructed Jets UA1 Cone R = 0.4:
s | i NN b : Jet1: n=0.02, ¢ =306°, p; =71 GeV, Tracks 15
N 2 X ’ ’ ’
/] }\\\\\\‘ \‘) Jet2: n=0.84, ¢ =132, p, =47 GeV, Tracks 9
FHRY wa A(b =174°
N0 loR tal Tracys 198




DCAL (Dijet Calorimeter)

Beam View

A 60% expansion of EMCal
arranged to permit back-to-
back hadron-jet, jet-jet and
gamma-jet measurements.

Goal: QGP tomography via
detailed «jet quenching»
studies: PbPb/pp jet x-section
ratios, fragmentation
functions, ...

(=» T. Guniji’s Talk)

n =
/4.——' b
JPS 2010, Sep. 13, T. Chujé%*’ ~ R



v,/n

(2) Collectivity

0.05 R —
of
P »
| a‘ O O p+p
) cf* A Kg ® A+A
fs% AKYMHK ¥ 545
1) . S _—
o 1 2
p+/n (GeV/c)
O ©
9 000 000 R
0 0a Y00
At RHIC energy: J : % 9

Quark number scaling of v, works.

Indication of quark level collective motion at RHIC.
What happens at LHC? JPS 2010, Sep. 13, T. Chuijo



Radial flow

explosive
purely thermal light source
source

light

1/pr dN/dp+
1/pr dN/dp;

heavy

JPS 2010, Sep. 13, T. Chujo 34



Au+Au 200 GeV central (b < 2.6 fm)

Radial flow at RHIC

o~ 1 05 . Au+Au (central) calculations: | Au+Au (central) data:
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nucl-th/0503054
« Large radial flow observed at RHIC.

« Charged particle identification is key to understand matter
properties. JPS 2010, Sep. 13, T. Chujo
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ALICE PID Capability

TPC + 1T T
(dEdx) N TR
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MUON
L ] ] L ! \\ 10 1
0 1 2 3 4 5 p (GeVic)

JPS 2010, Sep. 13, T. Chujo

36



700
600

500 (8

dE [keV/300um]

300

200

100

[=2]
o
o

(%2
o
o

ALICE PID performance (1)

ITTI[ T

T T T

TT1 17T

TI1 17 LI TT T T T T1TrT T 1
| [ [ I

TT17T

pp @ 900 GeV (passd) |

- ALICE performance

T T T T

.

@

ITS

Work in progress

'}IIIIlIIl]lIIIIIIII][lIIII][II

Jlll 1 1 ' L. —‘

momentum [GeV/c]

400 »

300
200
100

3} L [ T T T T I T T T T I T

i - pp @ 7 TeV

TPC

|IIII|III||IIII|IIII|IIII|I|II'

ALICE performance
- i work in progress
)
-
e’ _— e
1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1
-3 -2 -1 0 1 2 3

0.8

0.6

0.4

- ALICE Performance
T work in progress_

s 2 2.5 3
momentum p (GeV/c)

® PID using ITS, TOF, TPC
® TPC dE/dx:

» separates p/ Kup to 1.1 GeV

®TOF:
» separates K/ wup to ~ 1.5 GeV

Rigidity (GeV/c) JPS 2010, Sep. 13, T. Chujo
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ALICE PID performance (2)

TPC HMPID

(Cherenkov ring angle vs. momentum)
TPC signal for all candidate tracks
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Counts

Counts per 2.0 MeV/c*

Strangeness productions (p+p 7 TeV)
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(3) Temperature

4 4 AuAu Min. Bias x10°

AuAu 0-20% x10°
o =  AuAu 20-40% x10

& v P+pP

-------- Turbide et al. PRC69

EPN/dp®(GeV2c?) or Ed%c/dp® (mb GeV2c?)
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} “ya

DATA: T,,;> Tpya, ~ 220 MeV
MODELS: T,,;= 300 to 600 MeV
Lattice QCD prediction: T, ~ 170
MeV

Indicating thermal photon
emission at low p-.
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Charmonium: suppression or enhancment?

1 JAhp suppression & regeneration at LHC?
O x. Y suppression (JAp Tp~ 1.5-2.0 T,)?

- enhanced
S(Jy) ) 9 ‘0 2 °
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0.75 a? - @ 9 9.9,
0.50
# In—In, SPS
0.25 | O Pb—Pb, SPS
' S Lt A g [ enhanced
® f:llﬁ,-’:u,i::z‘. ;::[1)2.2.2] ¢ (GeV/fm?3) . TLHC >> J/w TD
suppression
: ' | 1 e tiiissssssssmssssssssssssssEnnnn 1 1 1 |
1 4 5 6 7 30
SPS ————>
RHIC =——
LHC
SPS RHIC LHC
06 | Y(1S)
02
JPS 2010, Sep. 13, T. Chijo oy 41



Transition-radiation detector (TRD)

s TRD Dedicated to electron PID.

mDistinguish e from - rejection factor 1

mProvide High p; & Electron trigger
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JPS 2010, Sep. 13, T. Chujo
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Muon detector (di-muon event display)




Counts [/45 MeV/c?]
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Mass resolution ~50 MeV even with low field,
due to low material budget
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o

Entries / 10 MeV/c?

Charm at p+p 7 TeV

PP V'S = 7 TeV, 1.4x108 events, pf° > 2 GeV/c
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Prospects for Pb+Pb

What will be luminosity for November 20107?
« Design luminosity for Pb+Pb: 10?7 cm-2s-"

— ~ /10 from number of bunches

— ~ /10 from increased beam size (lower energy, less focussing)
« Most probable value > 10%°cm? s [J. Jowett]

What is expected amount of data sample?
« Depends critically on overall duty factor and number of days
* e.g.: 20 days at 50 Hz min bias at 20% overall duty factor

-2 ~ 1.5 x 107 min bias events (as opposed to target of a few 107
central!)
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Summary

ALICE detector is fully operational since the
first collision.

p+p (mainly 7 TeV):
— Re-discovering “standard model” and particle zoo.

— Providing an important reference data to the heavy
lon data.

Pb+Pb:
— Will start the 2.76 TeV Pb+Pb run on Nov. 2010.

Exciting moment, new regime of QCD matter,
and discoveries !!

JPS 2010, Sep. 13, T. Chujo
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Wow !
it’s not liquid,
it's QGP gas. ..

JPS 2010, Sep. 13, T. Chujo
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